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This invention pertains to seismic exploration, 
and relates more particularly to an automatic 
volume control (AVC) system for the amplifier 
network of recording seismographs. 
In seismic exploration, the energy of artiflcally 
generated ground or water pressure or velocity 
waves is translated into electric signals or ira- 
pulses and these impuises are recorded, with suit- 
able amplification, Lu the form of seismograms. 
The electric Impulses produced by a detector 
in response to seismic waves vary greatly in 
intensity durLug the time of recordLug of a single 
seismogram. It is, therefore, necessary to com- 
pensate for the dlsproIrtion in the mgnitude 
of said impulses by varying the sensitivity of 
the amplifiers used between the detectors and 
the recorder in such a manner as to obtain a 
record of oscillations of controlled amplitude, per- 
mitting a ready interpretation of the seismogram. 
The various AVC or automatic volume control 
systems which have been developed for this pur- 
pose are generally satisfactory in operation, be- 
ing however, subject to the following drawbacks: 
undue complexity resulting /n heavy and cum- 
bersome equipment; lack of discrimination be- 
tween signal and control voltages, resulting in 
the recording of spurious signais; undue senat- 
tivity to characteristics of individual tubes, re- 
sulting in elaborate care being required in 
matching and aging said tubes; and deficient 
dynamic control characteristics, resulting in un- 
symmetrical response to Lucrease or decrease of 
signal intensity» and to unequal response at dif- 
ferent signal intensity levels. 
If is» therefore, an object of th/s invention to 
provide a rugged, simple and readlly portable 
AVC system for seismic operations, said system 
requirLug no balancLug or matchLug of amplifier 
or control elements. 
It is likewise an object of this invention to 
provide an AVC sYstem inherently capable of 
distingutshLug or discrlmLuatLug between signal 
and control voltages. 
It is also an object of  invention to provlde 
an AVC system glving a proper dynamlc response 
at any desired signal lntens/ty level. 
It is a particular object of this invention to 
provide an AVC system having a thermally vari- 
able non-linear resistance as a control element, 
sa/d element forming an arm of a Wheatstone 
bridge circuit. 
These and other objects of the invention will be 
understood ïrom the following description, taken 
with reference to the attached drawing whereln: 
Figure 1 is a aimpllfled circuit diagram of the 

automatic volume control system of the present 
invention. 
Figure 2 illustrates heating and cooling curves 
for radlation and conduction loss systems. 
 5 Referring to Figure 1, a seismometer or detector 
! ! translates selsmic waves, such as may be gen- 
erated by detonating an explosive charge in the 
ground, into electrical impulses or signais which 
are transmltted, for example, through a. line 
10 having a transformer I to a fllter and amplifier 
unit 14, comprising the suitable filter, multi- 
stage amp ".Kfler and noise level attenuator circuits, 
as well understood in seismic recordlng. 
One of the output terminals of unit 4 may be 
15 grounded at 6, and the other terminal is con- 
nected at a point $ to a first control bridge o£ 
the Wheatstone type, grounded at ?. 
Three of the arms of the control bridge com- 
prise suitably matched linear resistors 8, 19 and 
20 20, wdle the .fourth arm comprises a non-linear 
thermally variable resistance element 2 . 
Although theoretically it is possible to use in 
the present system any desired non-linear re- 
sistor, such as a thermistor, it has been round 
25 that the thermal time constant of these elements 
is too long for the desired application, and that 
they have .a]so other undesirable characterlstics, 
such as their rectifying tendencies. 
It is, therefore, proposed to use, accordlng to 
30 the present invention, a high-resistance incan- 
descent lamp filament, such, for example, as that 
of a tungsten filament, Ludlcating lamp of ap- 
proximately 3 watt, 120 volt rating. 
Although the theoretical resistance of such a 
35 lamp at full current is 4800 ohms its cold resist- 
ance is only about 400 ohms, while a power lnput 
of on]y 40 milliwatts is suflcient t0 bring said 
resistance to about 1400 ohms, its temperature 
being then about 800 ° Kelvin. 
40 Although the thermal time constant of the 
non-linear resistor element 2! at ambient room 
temperatures ls relatively long, it will be under- 
stood that since sald element loses heat chiefiy 
by radiation, it can be cooled more rapidly than 
45 a device of the saine room temperature time 
constant, which depends on thermal conduction. 
Heating and cooling curves for these two 
mechanisms of heat transfer are shown in Fig- 
ure 2. The heating curves are for a constant 
50 power input required to bring the final te.mPera- 
ture to 800 ° Kelvin, and the cooling curves are 
for cooling to a room temperature of 300 ° K. The 
signiflcance of these curves will be dealt with 
hereinbelow. 
55 It will be seen that with properly selected vahes 
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o the reslstances |$, 85 and 20, the balance of 
the bridge may be controlled by the var.iable 
reslstance of the element 2 !, which wlll depend 
on the heating current passed therethrough by 
means of a lead 22, for example, between point 
23 and the ground 17, in a manner tobe described 
hereinbelow. 
The voltage across the conrol bridge, that ls, 
the voltage appearing between points 23 and 24, 
is zero when the bridge ls balanced. V¢hen the 
bridge ls unbalanced, an output voltage appears 
and a current flows between points 23 and 24 
and Is applted to the prlmary of an isolation 
transformer 2S, whose secondary is connected to 
an amplifier unit 20, having any deslred number 
of stages. : 
It fs understood from the preceding that in the 
present control system large ranges of gain with 
varlations of lamp reslstance are obtained by 
using the lamp 2 ! as one arm. of the control 
bridge and supplying thereto a variable control 
or heating current. In order to prevent variable 
conrol current from introducing into the sys- 
rem spurious slgnals, Itts. preferable to supply 
the heating current ata frequency remote from 
the selsmlc frequencies at which true signais 
from the detector ! ! are deltvered to the bridge. 
Radio frequencies such for example as those of 
the order of one megacycle per second bave been 
found very satlsfactory for this purpose. 
The manner in whlch the heating radio fre- 
quency current ls produced, controtled and sup- 
plted to the bridge will be described hereinbelow. 
Meanwblle, It may be stated that since this 
radio-frequency control voltage ls amplitude- 
modulated with control-rectifler ripple and var- 
ies in addition wlth the near-direct current com- 
ponent of rectifier output, It ls essential that no 
rectification of control voltage should take place 
in or following the control bridge. In other 
word0 ftls necessary to insure that radio fre- 
quency current should hot reach the grids of the 
amplifiers in unit 20 in sufllcient volume to pro- 
duce a rectification effect there. For this pur- 
pose, a radio frequency choke 27 ls connected in 
series wlth the isolation transformer. A ground- 
ed condenser 30 of sultable value connected to 
the proper input terminal of the isolation trans- 
former may be requtred to avold phase shift due 
to reaction unbalance of the bridge at high sup- 
pression» depending on the capacitances to 
ground associated with the transformer input 
terminals. 
The amplifier unit 20, which ls grounded at 31, 
is connected to a second control bridge in the 
saine manner as amplifier !4 ls connected to the 
flrst one. 
The second control bridge, grounded at 37 and 
having linear'resistances 30, 30, 40 and the non- 
linear resistance 4 ! in its four arms, is similar 
in organization and operation to the flrst con- 
trol bridge, as descrlbed above. 
The heating radio-frequency current is sup- 
plied to the second bridge by means of a lead 
42, in a manner tobe described hereinbelow. 
The unbalance output voltage appearing across 
said bridge ls applied to the primary 44 of a 
tranaformer 4S through a radio-fre«uency choke 
coil 47. Condenser 0 has the saine function as 
condenser 30 in the first bridge. 
The secondary ! of transformer 4 is con- 
nected to the input of a seismlc recorder 2 such 
a a multt-string galvanometer oscillograph, 
wblch may be of any desired type. 
The secondary 03 of the transformer 40 ls con- 

4 
nected to the input of an amplifier-rectifier unit 
55, comprlsing a rectifier preceded by a desired 
number of amplification stages. 
The D. C. output of the rectifier unit S$ is 
5 applied to a grid-modulated radio-frequency os- 
cillator 50, whose A. C. output serres partiy as 
a source of heating or control current to the flrst 
bridge through the lead 22 and a condenser 
and partly as input to a second rectifier 
10 whose output is in turn applied to grid-modu- 
lated second radio-frequency oscillator 6{}. The 
A. C. output current of the second oscillator is 
used as the heating current for the second bridge, 
being applted thereto through lead 42 and a con- 
1OE denser 6 l. The unlts 6S, SG, S9 and 60 are pref- 
erably grounded as shown at 63. It will be un- 
derstood that condensers 7 and 6! are small 
enough hot to signlficantly affect the balance of 
the corresponding bridges, their effect being 
2{} moreover compensated by the cholce of values of 
condensers 30 and 60. 
With the .foregoing in mind, the operation of 
the present system may be briefly described as 
follows: 
2 The system is normally adjusted so that in the 
absence of a signal the flrst oscillator 6 operates 
at maximum amplitude, whlle the second oscil- 
lator 60 ls substantlally cut off. Accordingly, the 
flrst bridge receives a heating current of an in- 
 tensity sufciently large to increase the tempera- 
ture and, therefore, the resistance of the non- 
linear element 2! beyond the selected balance 
point Ri the bridge. For example, if the bridge 
is balanced when the resistor 2 ! ls heated to 600 ° 
 I. corresponding to a resistance value of 1000 
ohms, sufcient current ls supplied at this mo- 
ment o the flrst bridge to ralse lts temperature 
to 800 ° I. corresponding to a reslstance of 1400 
ohms. The flrst bridge may thus be deflned as 
49 befng normally unbalanced on the hot or hlgh- 
resistanc« side. 
At the saine time, the full-amplltude output 
 current of the flrst osciliator 6, after rectifica- 
 tion by the rectifier 60, ls applied as a negative 
blas to the second oscillator 00, thus cutting the 
45 lntensity of the heating current passed through 
the non-linear element 4 ! of the second bridge 
to a value sufllclently low to decrease the tem- 
perature and, therefore,, the resistance, of said 
50 non-linear element below the balance point of 
the bridge. For example, if the second bridge 
likewise balanced when the resistor 4 ! ls heated 
to 600 ° K. corresponding to a resistance value of 
1000 ohms, only sufllclent current ls supplied 
55 thereto at this moment to raise lts temperature 
to 400 ° K. corresponding to a resistance of 
ohms. The second bridge may .thus be deflned 
as being normally unbalanced on the cold or low- 
resistance side. 
60 This condition prevails so long as no signais, or 
signais of sub-normal and normal amplitude are 
received ïrom the detector ! . When, however, 
the signais from the detector reach a voltage level 
higher than normal, these slgnals, passing the 
05 amplification unlts 4 and 2 and the two bridges 
with an amplification gain dependlng on the de- 
gree of unbalance of sald bridges, are transmltted 
to the rectifier unit 5S by transformer secondary 
63. The rectifled slgnals are then app]ted as a 
7o modulating negatlve D. C. grld bias of a value 
higher than before to the flrst oscillator 0 so as 
fo decrease the amplitude of lts output or con- 
trol current. 
The flrst bridge, which had been operating un- 
75 balanced on the hot (or hlgh-resistance) side 
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because of this excessive heating or contro! cur- 
rent normally supplied thereto, is thus brought 
back closer to the balance point. Accordingly, 
the magnitude of the potentials appearing 
tween points 23 and 39 and fed to the amplifier 
29 ls decreased. 
At the same rime, the decreased amplitude out- 
put of the flrst oscillator §$, after rectification 
by the rectifier 59 and application as negative 
grid bias to the grid-controlled second osclllator 
50, is hOt able to reduce the output of said oscll- 
lator 50 fo the saine low value as before. The 
intensity of the heating or control current sup- 
plied fo the second bridge ls thus increased, and 
said second bridge, whose unbalance was on the 
Cold or low-resistance side, is likewise brought 
back closer to the balance point. The magnitude 
of the potentials appearing across said bridge 
and applied through the transformer 45 fo the 
recorder 52 and the control units 5§, §5, 59 and 
59 is, therefore, likewise decreased. 
From the above, if will be seen that automatic 
volume control is achieved in the present sys- 
tem by the action of two normallY unbalanced 
bridges symmetrically approaching balance from 
opposite directions in case of an increasing signal 
intensity level, when a decrease of sensitivity is 
recluired, or symmetrically moving away from the 
balance in case of a decreasing signal intensity 
level, when an increase of sensitivity is required. 
The system is, therefore, basically symmetrical 
with regard fo operation under increasing or de- 
creasing amplification gain conditions. The sys- 
rem is also substantially insensitive to random 
disparities in the characteristics of individual 
vacuum tubes used in the various amplification 
stages. 
Itis often desirable fo operate the present sys- 
tem with an initially reduced gain, in ortier fo 
improve the readability of initial impulses. This 
is convenientiy done by applying a suitable flxed 
grid bias potential from a source 7| fo grid- 
modulated oscillator 55 through relay oPerated 
contacts 74 tnitially closed, but opened by the 
arrival of an initial impetus to any of the de- 
tectors | | of the system, through the agencY of a 
so-called kick-off amplifier 75, in a manner well 
understeod in the art. Said bias potential op- 
erates simflarly fo that normally derived from 
rectifier Unit 55 to reduce the amplifier gain by 
bringing both bridges closer to balance. 
The transient response of the present type of 
control fo a change in signal intensity ls neceso 
sarily determined mainly by the heatlng and 
cooling characteristics of the lamp filament or 
filaments used. Very little delay fllterlng of con- 
trol rectifier output should be employed, as other- 
wise the bridge may be driven thr0ugh the bal- 
ance point. 
Control response can, however, be considerably 
varied by the choice of the balance point re- 
sistance, choice of operation on the hOt or cold 
side of the balance, and choice of maximum 
heating power. 
Ai high suppression a smaller change of re- 
sistance Is requlred fo Produce a given change in 
gain. Thus, in the example used herelnabove, 
if will be noted that the flrst bridge has a maxi- 
mure non-linear filament reslstance of 1400 ohms, 
and a balance point reslstance of 1000 ohms, cor- 
responding fo a temperature of about 600 ° K. 
The unbalance resistance at maximum amplifi- 
cation gain ls thus 400 obtus. TO suppress 20 
decibels the unbalance must be reduced to one- 
tenth of its value or fo about 40 ohms, which Is 

equal to a change of 360 ohms; to suppress an- 
other 20 decibels, the unbalance resistance must 
be further reduced to about 4 ohms, an additional 
change of only 36 ohms. The rate of change of 
5 gain thus tends fo increase with suppression. 
This behavior of the present control system 
is qutte advantageous if if is desired to operate 
af different rates of change for increase and 
decrease of amplification gain af different levels 
10 _of suppression, since said rates can be determined 
from the sloPes of the appropriate heating and 
cooling curves such as illustrated in Figure 2. 
For example, the choice of a lower bridge balance 
point resistance will be seen to result in a slightly 
15 larger maximum rate of increase of gain and a 
considerably smaller maximum rate of decrease 
of gain af high suppression, since the heating 
curve is slightiy steePer and the cooling curve 
considerably flatter af the lower balance point 
20 tmperature. 
If will be obvious to those familiar with the 
use of electronics in seismic recording that al- 
though the present system has been described 
for brevity only with regard fo a system wherein 
25 the flrst bridge is unbalanced on the hot or high- 
resistance side, and the second was unbalanced 
on the cold or low resistance side, a substan- 
tially identical or equivalent secluence of con- 
trol events may be caused fo ensue if the system 
30 is modifled to reverse the adjustment of said 
bridges, so that the flrst bridge operates on the 
cold or low-resistance side, while the .second 
bridge oPerates on hot or high-resistance side. 
Likewise, systems comprising only one bridge 
35 or two bridges both oPerating on the hot or 
cold side of the balance point are also operative 
and satisfactory, particularly in cases where if 
is desired fo obtain a very rapid control response 
or recovery af high suPPression levels. Such 
40 modifications, which do hot depart from the 
principle of this invention, are, therefore, fully 
embraced within the scope of the present claires. 
We claire as our invention: 
1. A gain control system for seismic ampli- 
45 fiers, said control system comprising a flrst 
normally unbalanced bridge connected fo re- 
ceive input signais, a second normally unbal- 
anced bridge connected fo receive the current 
flowlng across said flrst bridge, the magnitude 
50 of said current being a function of the unbalance 
of said flrst bridge, said flrst and second bridges 
each having linear resistors in three arms there- 
of and a thermal non-linear resistor in the fourth 
arm thereof, rectifier means connected te rectify 
 the current flowing across the second brilge, 
the magnitude of said current being a function 
of the unbalance of said second bridge, flrst 
oscillator means connected to have their A. C. 
output controlled by the D. C. output of said 
00 rectifier means, means for passing a portion of 
the A. C. output of said flrst oscillator mears 
through the thermal non-linear resistor of the 
flrst bridge, therebY changlng the resistance 
value thereof in such a direction as to decrease 
05 the unbalance of the flrst bridge wlth increas- 
ing intensity of input signais, a second rectifier 
connected fo rectify another portion of the A. C. 
output of the lïrst oscillator means, second 
oscillator means connected to bave their A. C. 
70 output controlled by the D. C. output of the 
second rectifier means, and means for passing 
the A. C. output of the second oscillator means 
through the thermal non-linear resistor of the 
second bridge, thereby changing the value there- 
7 of in such a direction as to decrease the unbal- 
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ance of the second bridge with increasing in- 
tensity of input signais. 
2. The system of claim 1 wherein the flrst and 
the second oscillator means are grid-controlled 
radio-frequency oscillators, the D. C. output of 5 
the first and second rectiflers, being applled 
to the grids of said flrst and second oscillators 
respectively. 
3. The system of claire 1» wherein the thermal 
non-linear resistor of the flrst bridge is operated 10 
ata point of its temperature-resistance curve 
such that the resistance value thereof at normal 
signal intensity level is above that required to 
maintain the bridge at balance point, and the 
thermal non-llnear resistor of the second bridge 15 
is operated at a point of its temperature-resist- 
ance curve such that the resstance value ther¢of 
at normal signal intensity levei is be!ow that 
required to maintain the bridge at balance point. 
4. The system of claire 1, wherein an increase. 20 
of signal intensity results in a decrease of the 
A. C. output of the flrst oscillator and in an 
increase of the A. C. output of the second oscil- 
lator. 
5. A gain control system for seismic ampll- 25 
fiers aid system comprising .an input trans- 
former, an output transformer, a flrst normally 
unbalanced control circuit connected to the in- 
put transformer and compr]sing a flrst thermal 
non-linear resistance element in a branch there- 3O 
of, a second normally unbalanced control circuit 
comprising a second thermal non-linear resst- 
ance element in a branch thereof connected to 
said flrst circuit and to said output transfo.rmer, 
rectifier means connected to rectify at least a 35 
portion of the output transformer current, the 
magnitude of said current being a function of 
the unbalance of said two contro! circuits, oscil- 
lator means connected to have their A. C. output 
controlled by the D. C. output of said rectifier 40 
means, means for passing a portion of the A. C. 
output of the oscillator means as a heating cur- 
rent through said flrst thermal non-llnear re- 
sistance element, thereby changing its resistance 
value so as to decrease the unbalance of the flrst 45 
control circuit, and means for passing another 
portion of the A. C. output of theoscillator 
means as a heating current through said second 
thermal non-linear resistance element, thereby 
changing its resistance value so as to decrease the 50 
unbalance of the second control circuit, the 

heating current passed through one of said 
elements tncreasing and the heating current 
passed through the other element decreasing with 
an increasing intensity of input signa]s. 
6. A gain control system for se]smic ampltflers. 
said system comprsing an input signal trans- 
former, an output signal transformer, a flrst 
normally unbalanced control circuit comprising 
a flrst thermal non-llnear resistance element in 
a branch thereof, said circuit being connected 
to said input transformer, a second normally 
unbalanced control circuit comprising a second 
thermal non-linear resistance element in a 
branch thereof, said second circuit being con- 
nected to said flrst circuit and to said output 
signal transformer., rectifier means connected 
to rectify at least a portion of the output trans- 
former signa]s, the magnitude of said output sig- 
nais being a function of the unbalance of said 
two control circuits, flrst oscillator means con- 
nected to have their A. C. output controlled by 
the D. C. output of said rectifier means, means 
for passing a portion of the A. C. output of said 
flrst oscillator means as a heating current 
through said irst thermal non-linear resistance 
element, thereby changing its resistance value so 
as to decrease the unbalance of the flrst control 
circuit with increasing intensity of input sig- 
na]s, second rectifier means connected to rectify 
a portion of the A. C. output of the flrst oscillator 
means, second oscillator means connected to bave 
their A. C. ouput controlled by the D. C. output 
of the second rectifier means, and means for 
passing the A. C. output of the second oscillator 
means as a heating current through the second 
thermal non-linear resistance element, thereby 
changing its resistance value so s to decrease the 
unbalance of the second control circuit with in- 
creasing intensity of input signa]s. 
CHAPES H. FAY. 
THOIVrALD J. TVEDT. 
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